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The objective of this study was to evaluate effect of heat treatment and compression on some properties 
of Eastern redeedar (Juniperus virginiana ) including bonding strength, hardness and surface quality. Spec¬ 
imens were exposed to three temperature levels of 120 °C, 160 °C and 190 °C for 6 h before they were 
compressed using 2.5 MPa pressure for 5 min. Polyvinyl acetate (PVAc) bonded specimens showed 
23.6% reduction in their shear strength when they were exposed to a temperature of 120 °C. Such 
strength reduction values were 44.4% and 64.1% for the specimens exposed to temperature levels of 
160 °C and 190 °C, respectively. The lowest average Janka hardness value of 214.08 kg was determined 
for the samples exposed to a temperature of 190 °C while those treated with a temperature of 120 °C 
had the highest hardness value of 397.73 kg. It appears that combination of heat treatment and compres¬ 
sion enchanced overall surface quality of the samples in the form of their roughness determined using 
stylus type equipment. 

© 2012 Elsevier Ltd. All rights reserved. 


1. Introduction 

Heat treatment of wood and wood products originally has been 
developed in Europe during 1990s. The main idea behind of heat 
exposure of wood is to enhance its properties so that it can be used 
more efficiently and effectively during its service life [1-4]. Ther¬ 
mally treated products manufactured by thermowood (Stellac) in 
Finland, torrefaction (Perdure) in France and Plato-wood in the 
Netherlands are some of the examples of this technology [5-8]. It 
is a fact that temperature over 150 °C permanently alter the phys¬ 
ical and chemical properties of wood. Having higher treatment 
temperature would also enhance biological durability but some 
undesirable effects of the treatment such as reduction of strength 
and hardness of wood are inevitable [9]. Thermally treated wood 
becomes more brittle, and its bending and tension strength charac¬ 
teristics are decreased by 10-30% [4,10]. Therefore, the use of heat 
treated wood in load-bearing applications is not suggested [5]. It 
has been found that dimensional characteristics of wood is gener¬ 
ally improved as a result of heat treatment. However heat treated 
wood usually has reduced strength properties [9,11]. The process 
of heat treatment is combined by breakage of the lignin-polysacha- 
ride complex by organic acids released from hemicellulose [12]. 
Various past studies revealed that progressive degradation of the 
hemicelluloses between microfibrils is the main mechanism of 
strength reduction within wood [13]. Removing of side chain 
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hemicellulose components adversely influences strength loss of 
heat treated wood. Thermal modification of different species has 
been well established and there are several commercial applica¬ 
tions of heat treated wood in various countries in Europe [6]. 
Mechanical properties of hazelnut wood as function of heat treat¬ 
ment was investigated in a previous study [14]. It was determined 
that the samples had maximum reduction of 63.94% for hardness 
when they were exposed to a temperature of 180 °C for 8 h [14]. 
Overall strength properties of different species treated with a tem¬ 
perature above 150 °C also were adversely influenced based on the 
findings another past work [15]. 

Eastern redeedar (Juniperus virginiana L.) is one of widely dis¬ 
tributed species in Oklahoma. Current area covered by Eastern 
redeedar in Oklahoma is estimated beyond 4.5 million ha and it 
is projected to be 6.3 million ha by 2013 [3]. The cedar population 
is growing at the rate of 380 ha per day resulting in a significant 
adverse impact on ecology [3,16]. If action is not taken it is pre¬ 
dicted that problem caused by Eastern redeedar invasion will cost 
$447 million by 2013 [16]. 

A study carried out by Kasemsiri et al. [3] evaluated certain 
characterization of heat treated Eastern redeedar samples, namely 
their dimensional stability and shear strength. It was found that 
dimensional swelling values of the samples exposed to a tempera¬ 
ture of 180 °C for 8 h were enchanced [3]. However similar to the 
results of other previous studies shear strength of heat treated 
wood specimens had reduction as compared to those of untreated 
control samples [4]. 

Various studies investigated properties of different wood spe¬ 
cies compressed for several minutes in a laboratory press [17- 
19]. Strength properties of compressed wood have been increased 
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along with its surface quality resulting in lower adhesive use 
where it is applicable such as plywood or overlay manufacture. 

Both physical and mechanical properties of Eastern redcedar 
wood have been well established in Wood Handbook [20]. How¬ 
ever there is very little information on hardness, bonding strength 
and surface roughness of heat treated compressed of this species in 
literature. Therefore, the main objective of this study was to eval¬ 
uate above properties of Eastern redcedar to establish an initial 
data so that this species can be used more efficiently and effec¬ 
tively for further manufacturing process. 

2. Experimental details 

Twenty millimetres thick boards of Eastern redcedar were sup¬ 
plied by a local sawmill in Oklahoma. Each boards were planned 
and cut into strips with 20 mm width before they were reduced 
into 50 mm long samples. Defect free samples with tangential 
grain orientation were conditioned in a room with a temperature 
of 20 °C and a relative humidity of 65% until they reach to a equi¬ 
librium moisture contest of 12%. A total of 32 pairs of samples for 
control and three heat exposure levels of 120 °C, 160 °C and 190 °C 
were used for the experiments. Dimensions and weight of each 
sample were determined at accuracy levels of 0.01 cm and 0.01 
gr respectively. Heat treatment of the samples was carried out at 



Fig. 1. Heat treated Eastern redcedar samples. 


three temperatures 120 °C, 160 °C and 190 °C in a laboratory type 
oven controlled at an accuracy of ±1 °C under atmospheric pres¬ 
sure. Heat treated specimens were compressed on a Carver press 
for 5 min using a pressure of 2.5 MPa. Fig. 1 shows heat treated 
Eastern redcedar samples. 

In generally surface quality plays an important role to control 
amount of adhesive applied to the members of bonding as well 
as quality of glue line. There are various methods to evaluate sur¬ 
face quality of wood and wood products but stylus method was 
successfully used to evaluate surface roughness both solid wood 
and wood composite samples in past studies [21,22]. Six measure¬ 
ments with a tracing span of 15.2 mm were taken from both sides 
of the samples across grain orientation by employing Hommel T- 
500 profilometer before and after heat treatment and compression 
of the samples. Stylus unit used in this study consists of the main 
unit and the pick up model TkE. The pick up has a skid type dia¬ 
mond stylus with 5 pm tip radius and a 90° tip angle. The stylus 
traverses the surface at constant speed of 1 mm/s over 15.2 mm 
tracing length, covering the vertical displacement of the stylus into 
an electrical signal. The calibration of the instrument was checked 
every 100 measurements by using a standard reference plate with 
R a values of 3.02 pm and 0.48 pm. A cut-off length of 2.54 mm, a 
parameter that differentiates roughness and waviness profiles 
from each other was used for the test [10]. 

3. Results and discussion 

Table 1 displays test results for the control and heat treated 
compressed samples exposed to three temperature levels. Based 
on the findings in the work bonding strength and hardness of the 
specimens were adversely influenced due to heat treatment. Com¬ 
pressed control samples had an average bonding strength value of 
5.83 MPa which is 23.6% lower than those samples exposed to a 
temperature of 120 °C. Their bonding strength values further re¬ 
duced with increasing temperature to 160°C and 190 °C as illus¬ 
trated in Fig. 4. In a previous work carried out to determine 
effect of heat treatment on mechanical properties of eucalpytus 
(Eucalyptus camaldulensis Dehn) also showed reduction of overall 
strength characteristics of the specimens [23]. Bonding strength 
of heat treated Eastern redcedar samples without having any com¬ 
pression also resulted in significant reduction when they were ex¬ 
posed to a temperature of 180 °C for 6 h as compared to those of 
control specimens. In general compression of wood enchances its 
strength properties due to densification. In this study adverse 
influence of heat treatment on bonding strength of the samples 


Table 1 

Test results of the specimens. (Numbers in parentheses and brackets are standard deviation and property reduction values in percent, respectively.) 


Test name 

Control samples 

Heat treated samples 

120 °C (A) 

160 °C(B) 

190 °C (C) 

Shear strength (MPa) 

5.83 

4.45 

3.24 

2.09 


(1.68) 

(0.96) 

(0.47) 

(0.48) 


[0] 

[23.6] 

[44.4] 

[64.1] 

Janka hardness (kg) 

534.35 

397.73 

348.99 

214.08 


(78.61) 

(93.70) 

(69.71) 

(30.11) 


[0] 

[25.5] 

[34.6] 

[59.9] 

Roughness parameters (pm) 

R a 

4.67 

4.41 

4.35 

4.28 


(0.41) 

(0.80) 

(0.34) 

(0.47) 


[0] 

[5.5] 

[6.8] 

[8.3] 

Rmax 

43.50 

42.08 

41.40 

33.39 


(5.84) 

(6.41) 

(5.46) 

(3.66) 


[0] 

[3.2] 

[4.8] 

[23.2] 

R z 

36.51 

35.40 

32.65 

30.78 


(3.27) 

(4.88) 

(3.31) 

(2.87) 


[0] 

[3.0] 

[10.5] 

[15.6] 
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Fig. 2. Typical roughness profiles of the specimens. 



Treatment 


Fig. 3. Average values of roughness parameters. 



Treatment 

Fig. 4. Average bonding strength values of the samples. 



T reatment 


Fig. 5. Average hardness values of the samples. 


was reduced by their compression. It is possible that if no compres¬ 
sion was applied to the specimens their strength values would be 
lower. Comparable results were also determined in a past study 
carried out on spruce samples by Bekhta and Niemz [17]. 

It seems that surface quality of the sample improved due to the 
effect of heat treatment and compression. Control samples had an 
average R a value of 4.67 pm which 8.3% higher than that of ex¬ 
posed to a temperature of 190 °C as shown in Fig. 3. Various studies 
revealed that surface roughness of veneer samples improved as a 
result of compression [17,23,24]. Although surface quality of trea¬ 
ted samples in this work did not substantially enhance, heat treat¬ 
ment with combination of compression has still some benefits 
regarding limited surface quality improvement of the samples. 
These benefits include using less amount of finishing material 
and less sanding for further manufacturing steps which will result 
in reduction of overall production cost. It appears that smoother 
surface quality of the specimen was due to densification of com¬ 
pression and heat treatment. However such smooth surface did 
not create a good bonding between two samples reducing their 
strength values. Fig. 2 depicts typical roughness profiles of heat 
treated samples. 

It has been clearly stated in literature the strength properties of 
wood adversely influenced by heat treatment due to thermal deg¬ 
radation. This loss becomes more prominent if temperature and 
exposure time are increased. It is a well known fact that polymers 
in the cellwall are depolymerized resulting in strength reduction of 
hemicellulose [19]. Esteves et al. determined different strength 
properties of pine and eucalyptus species reduced ranging from 
15% to 40% due to heat treatment [23]. Heat treated spruce and 
pine also had lower strength properties within the range of 5- 
49% as a result of heat treatment [15]. 

Average hardness value of control specimen was 534 kg with 
decreasing values of 25.5% 34.6% and 59.9% as a result of heat 
exposures of 120 °C, 160 °C, 190 °C, respectively as illustrated in 
Fig. 5. In a past study determined the hardness values determined 
cross section, radial and tangential section of the of heat treated 
hazelnut wood samples had 44.94%, 62.32%, and 64.23% reduction 
due to expose to a temperature of 180 °C for 6 h, respectively [14]. 
The findings in this work agree with those determined above 
study. 


4. Conclusions 

In this work shear strength, hardness, and surface quality of 
compressed Eastern redcedar samples were evaluated as function 
of heat treatment. The lowest average reduction values in shear 
strength and hardness of the specimens was determined those ex¬ 
posed 120 °C. Overall surface roughness of the samples improved 
as a result of heat treatment suggesting that such samples would 
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be easier to apply various coatings of finish requiring less amount 
so that overall production cost can be reduced. It appears heat 
treatment of Eastern redcedar at lower temperatures did not show 
any significant reduction of shear strength and hardness of the 
specimens which can be possibly used as an alternative method 
to enhance dimensional stability of such species. Since it is known 
that heat treatment has positive effect on dimensional properties 
of wood shrinkage and swelling of heat treated Eastern redcedar 
should be considered to be investigated in further phase of this 
work to have a better understanding of hygroscopic behavior of 
this species. 
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